This paper presents a Computer Aided Diagnosis (CAD) system that automatically classifies microcalcifications detected on digital mammograms into one of the five types proposed by Michèle Le Gal, a classification scheme that allows radiologists to determine whether a breast tumor is malignant or not without the need for surgeries. The developed system uses a combination of wavelets and Artificial Neural Networks (ANN) and is executed on an Altera DE2-115 Development Kit, a kit containing a Field-Programmable Gate Array (FPGA) that allows the system to be smaller, cheaper and more energy efficient. Results have shown that the system was able to correctly classify 96.67% of test samples, which can be used as a second opinion by radiologists in breast cancer early diagnosis.
Introduction
Computer-Aided Diagnosis systems have been built to aid medical doctors in diagnosing diseases and increase patients' quality of life. Breast cancer is a disease that is the death cause of many women around the world [1] , and the development of CAD systems can help doctors in early detecting it, this being the best way to reduce the number of people that die because of this disease [2] . CAD systems for breast cancer early detection can be developed to detect and classify microcalcifications, small calcium accumulations that can be present in breast tissue and be the first sign of a tumor not perceivable in palpable examinations [3] .
Le Gal classification scheme
In order to aid radiologists in deciding whether a tumor is malignant or not, Michèle Le Gal developed a classification scheme [4] widely used in Europe [5] that differentiate microcalcifications into five types, and depending on the number and type of these elements it is possible for a radiologist to decide whether a tumor is malignant or not without the need for surgeries, avoiding their complications and reducing the need for recurrent treatment [2] . This classification scheme is based on the morphology of microcalcifications, and samples of microcalcifications from each of the five types are displayed in Fig. 1 [6] .
The main difference between these types is that microcalcifications from type I are rounded but with their interior unfilled; microcalcifications from type II and type IV are also rounded but with their interior filled, the difference between them being the smoothness of their borders (the ones from type II are smooth while ones from type IV have rugged borders); microcalcifications from type III are very small and the ones from type V have worm format. Table 1 shows the percentage of malignant tumor associated with each type, according to the classification of Le Gal [6] . 
Related work
Several papers have been published in the area of breast cancer detection, and several tools have been used to provide CAD systems a way to aid doctors in early detection of this disease, like the wavelet transform [7] , ANN [8] [9] , the pyramid steerable transform [10] and support vector machines [11] [12] [13] . The main drawback of those CAD systems is that none of them classify microcalcifications into the five types proposed by Michèle Le Gal. Pereira proposed a method [6] that uses the Hough transform to classify them according to this classification scheme, but its classification of microcalcifications from types II and IV is not ideal.
Method explained
The developed CAD system described on this paper is an embedded system whose software was developed in the C++ programming language and hardware designed with the Altera SOPC Builder. The hardware was compiled using the Altera Quartus 12.1 software and an Altera DE2-115 development board was programmed with it. Fig. 2 shows the components of the designed hardware.
The CPU component of the hardware is an Altera Nios II software processor that uses as its reset vector and exception vector the SDRAM on the board, containing 128MB of memory. There is a parallel port that communicates the board with four push buttons for user interaction. There is also a Secure Disk (SD) card reader on the board, and a Liquid Crystal Display (LCD) for displaying messages to the user. In order to user the system, the user inserts a SD card containing images to be processed on the SD card reader and chooses the one he wants to be processed using the push buttons on the board. Once the user chooses an image, it is processed by the software part of our CAD system, whose diagram is displayed on Fig. 3 . The LCD shows the progress of the processing, and warns the user when it is done. The software part of our CAD system is composed by six steps, the three first ones being modifications of a previous system developed by ourselves [14] but with adjustments made to the region-growing algorithm used to detect microcalcifications on the input image, so instead of using a recursive solution, our algorithm controls its own stack of pixels to be analyzed. This modification resulted on a 73% reduction on memory usage and a 40% reduction on time needed to process an image in comparison to the former algorithm, which is always desirable since the development on equipment with less memory than regular computers. On "Feature extraction" step, the system extracts four features from each microcalcification in order to differentiate microcalcifications from the five types: area (type III microcalcifications are very small), average gray value (type I microcalcifications have average gray value lower than the others), smoothness index calculated according to [14] (to differentiate microcalcifications from types II and IV), and the ratio between length and width of the microcalcification (type V microcalcifications are the only ones that do not have rounded shape). To compute the length of a microcalcification we created an algorithm that detects the longest Euclidian distance between two pixels (length), and then compute the width as the longest distance between two pixels on the perpendicular direction to the computed length. On "Classifier" step, the system uses the four extracted features on previous step as the input of a multiplayer ANN that has four neurons on its input layer (one for each feature), twelve neurons at the hidden layer and five neurons on the output layer (one for each type of microcalcification). The ANN was trained with the backpropagation learning algorithm using eighty (80) simulated samples of microcalcifications as the learning set (sixteen of each type). Microcalcifications with area inferior than 5 are considered false positives [15] . Results are written on the root of a SD card connected to the board as an eXtensible Markup Language (XML) file containing identification, values of extracted features and the final classification of each microcalcification. An image with microcalcifications automatically labeled is written on the root of the SD card as well, in order to make it easier for the user to identify each microcalcification on the XML file. Fig. 4 shows an example of an image with microcalcifications automatically labeled and Fig. 5 shows the CAD system running on the Altera DE2-115 board. 
Results
We used fourteen images from a personal database to test our system, each one containing a simulated sample of a microcalcification of each type based on real images, and simulations of high frequency objects and blood veins, in order to analyze the detection of false positives, resulting in seventy images of microcalcifications, each one different to the ones on the learning set. Also, we used SciLab to add Gaussian noise to these images, resulting in 210 images to test our system. We saved all test images on a SD card, connected it to the board, processed each image and collected the data. Table 2 shows the percentage of microcalcifications successfully and unsuccessfully classified as one of the five types of Le Gal classification scheme. Results showed that the system was able to successfully classify microcalcifications from all types. During our tests no false positives were detected by the system. Also, in every test image all microcalcifications were detected, despite the addition of noise on these images. Each image took on average approximately 2.7 s to be processed and no drawbacks were found in executing the system on the Altera DE2-115 board, thus providing an option to create a CAD system that is cheaper, smaller [16] and more energy efficient [16] [17] than if it was developed to be executed on regular computers.
Conclusion
The system presented on this paper was able to successfully classify microcalcifications from the five types proposed by Michèle Le Gal, and the use of the Altera DE2-115 and the Altera Nios II processor made it possible to be developed. We are now trying to acquire more images of mammograms to further analyze our system.
